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IT will never be possible to furnish mathematical proof of a causalrelationship
between smoking and lung cancer. This means that, before action against smoking
can be taken, in view of the danger of lung cancer, we must be satisfied on the
following two points. First there must exist strong indications that smoking is
an important causative factor in lung cancer, and, secondly, it must be highly
improbable that one or more other factors could be the main cause.
As far as the latter point is concerned: all attempts to exculpate smoking
have so far been unsuccessful. The longer such success remains unachieved, the
smaller the probability that the greatest danger might lie in other still unknown
factors.
As regards the first point: there is no doubt whatsoever that the indications
that there is a danger inherent in smoking are very strong. The results of all
retrospective investigations invariably implicate smoking.
However, against this retrospective method ofinvestigation a serious objection
can be raised: the material for comparison, a group ofpersons not suffering from
lung cancer, is necessarily highly selected. In view of this, investigations by
means of the so-called prospective method, against which, it was thought, this
objection could not be raised, were set up. The preliminary results of two of
these prospective investigations have now become known (Doll and Hill, 1954;
Hammond and Horn, 1954). They seem fully to corroborate the conclusions
reached previously in the retrospective investigations.
However, Berkson (1955) alleges that the prospective method also involves
the danger of selection. Berkson attempts to demonstrate that this is the case in
Hammond and Horn's material. He bases his opinion mainly on two facts: (1)
the death rates found by Hammond and Horn are lower than the rates given by
the official American mortality statistics, and (2) the percentage of non-smokers
in Hammond and Horn's population exceeds the percentage found in the general
American population.*
Berkson (1955) goes so far as to infer that the excess of the death rates for
smokers, as found by Hammond and Horn (1954) in lung cancer and in coronary
disease. might wholly be explained by the action of this selection. It seemed
necessary, therefore, to test the correctness of this view thoroughly. This will be
done in the present paper.
* Hammond and Horn's population was 187,766 American white males between the ages of 50
and 69. Wherever mention of "population" is made in our paper, it will mean these white males
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I.-Selection as a Consequence of the Elimination from the Reference Population
of a Number of Persons who at the Start of the Investigation were Seriously
Ill.
One glance at Table I seems to justify Berkson's (1955) first remark. Hammond
and Horn's (1954) death rates for all causes are almost one-third lower than those
of the official mortality statistics. Quite irrespective of smoking or non-smoking
this material bears the mark ofselection in favour oflow death rates.
There are several reasons, however, why comparison ofthese deathrates should
not be made without comment. Hammond and Horn's males originated from only
nine States. It is open to question, therefore, whether their reference population
can be considered as representative of the entire American population, an
assertion which, it must be admitted, was not made by them.
The majority ofHammond and Horn's population were exposed to risk during
12 low death rate summer-months and only 6 high death rate winter-months,
which tended to make their over-all death rate lower than comparable figures
based on exposure to risk during a single, complete calendar year.
Add to this that their deathrates are computed from the 2oth part ofalldeaths
occurring during the 20 months from March 1952 to October 1953 compared with
the number of persons under investigation in March 1952, so that at the moment
of the review the age of these persons was not 50-69 but 501-69- approximately.
Therefore, their death rates cannot really be compared with the official death
rates for the 50-69 age group of the entire American population-which age group
is approximately 7 months younger and has correspondingly lower death rates-as
is done by Berkson (1955) in his Tables 4 and 7, and by us in our Table I.
TABLE I.-Death Ratesfrom All Causes per 100,000 White Males
Aged 50-69, U.S.A.
Figures from official
mortality statistics, Figures found by
Age. 1952. Hammond and Horn.
1. 2. 3.
50-54 . 1206 837
55-59 . 1891 . 1345
60-64 . 2793 . 1925
65-69 . 4089 . 2905
However, notwithstanding these objections, in order to furnish ourselves with
a kind of standard by which to measure the importance of this selection, we will
start, in what follows, from the assumption that Hammond and Horn's reference
population does lend itself for such comparison.*
As Berkson remarks and as was pointed out by Hammond and Horn before,
a number of persons, who at the moment of the interrogation were already
seriously ill from the disease to which they would soon succumb, will not have
been asked for co-operation or, if so, will have refused. It seems reasonable to
suppose that these persons formed the major part of the "deficit" of deaths.
Since, as far as we can see and as Berkson believes, this kind of selection is not in
any way related to smoking, it will hardly have contributed to the excess of the
death rates for smokers, as found by Hammond and Horn.
* See, for the computation of the "deficit" of deaths in Hammond and Horn's investigation,
as compared with the official mortality statistics: the Appendix at the end of the present paper.
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II.-Selection as a Consequence of the Tendency of Many Smokers Not to
Enter the Investigation
To what degree the non-smokers are over-represented in Hammond and Horn's
(1954) material cannot exactly be ascertained, one of the reasons being that the
persons under review are not truly representative of the entire American popu-
lation. However, Berkson's (1955) remark on page 329 and his Table 3 illustrate
that he may be correct when he writes that the surplus of non-smokers must be
rather big.
The reason for this surplus is most likely the psychological reluctance of many
smokers to co-operate in an investigation which might prove the noxiousness of
smoking, whereas, in contrast with this attitude, nearly all non-smokers-many
of them perhaps from a propagandist point of view-are ready for co-operation.
The question arises to what extent, if there were no relation between smoking
and death rates, the excess ofthe death rates for smokers as found by Hammond
and Horn, could be considered a statistical consequence of this selection. It is
clear that this question should be tackled quantitatively.
In this paper the computations necessary for this purpose will be made for
the age group 50-54, after which the findings for the other age groups will follow
in tabular form.
Our research is made with the help of a "model ", such as, in principle, is
given in Berkson's Table I. The most important change we made is that, as far
as possible, Berkson's rather arbitrarily chosen figures were substituted by the
figures found by Hammond and Horn and by those of the official mortality
statistics.
We start tentatively from the assumption that smoking is not related to death
rates.
Berkson divides the selectedpopulation (selectedbythe elimination ofanumber
of persons who at the moment of the interview were seriously ill, see Section I)
into two groups.
Group 1 embraces those who, though also seriously ill at the moment of the
interrogation, were prepared to co-operate. Berkson assumes that the number of
these persons equals the number ofthosewho primarily wereeliminated on aecount
of serious illness (see Appendix). The significance, for our research, of these
arbitrary assumptions will be discussed later.
Group II includes those who at the moment of the interview were in good
health, or at least not seriously ill.
This division is given schematically in our Table II.
TABLE II.-Elimination ofSeriously Ill Personsfrom Hammond and Horn's
(1954), Reference Population, Age Group 50-54.
Reference population.
.~~~~
Selected population of
Hammond and Horn.
1. 2. 3. 4. 5.
Total
Eliminated. Group I. Group II. I + II. Total.
374 . 374 99,626 100,000 . 100,374
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Berkson assumes that 80 per cent of the reference population are smokers.
Starting from this assumption, we have subdivided the persons of Table II into
smokers and non-smokers. This is done in Table III, in which the eliminated
persons are no longer mentioned.
TABLE III.-Hammond and Horn's (1954) Age Group 50-54 After First Selection
has been Made, Assuming that 80 Per Cent of all Persons are Smokers.
1. 2. 3. 4.
Smoker. Group I. Group II. Total.
No . . . 75 . 19,925 . 20,000
Yes . . . 299 . 79,701 . 80,000
Total . . 374 . 99,626 . 100,000
The next step leads to a second selection which, contrary to the selection
dealt with in Section I, definitely is related to smoking. Berkson assumes that
99 per cent of the non-smokers and 65 per cent of the smokers of Group II were
prepared to co-operate. This means that 19,726 of the 19,925 non-smokers and
51,806 of the 79,701 smokers who were asked for co-operation, consented. As
the totals for Groups I and II combined must take up the 100,000, the total for
Group II must be 99,626. The deficit of persons in Group II, caused by this
selection, must therefore be made good by means of interviewing more persons,
of whom again 4 out of every 5 will be smokers. This replacement must be made
proportionately to the above given figures for non-smokers and smokers. The
result of this conversion is given in Column 3 of Table IV, the left part of which
gives the figures for the persons under review.
TABLE IV.-Computation ofDeath Ratesfrom All Causes in Hammond and Horn's
(1954) Age Group 50-54 After Second Selection had been Made, accepting
certain assumptions as being correct.
Exposed. Deaths.
A A_)
8.
1. 2. 3. 4. 5. 6. 7. Death rate
Smoker. I. II. Total. I. II. Total. per cent.
No . . 75 27,474 27,549 . 74 129 203 . 0 737
Yes . . 299 72,152 72,451 . 296 338 634 . 0- 875
Total . 374 99,626 100,000 . 370 467 837 . 0 837
The seriously ill persons of Group I were assumed to have all co-operated,
quite a reasonable supposition. Their distribution over non-smokers and smokers
therefore remains one to four.
As a consequence of this second selection the percentage of non-smokers in
our Table IV has increased from 20 to 27 5 per cent.
In the right half ofTable IV the figures for deaths from all causes per 100,000,
divided according to group and category, are given.
According toBerkson's (1955) assumption that 99 per centofthosebelong-
ing to Group I succumbed during the period under review (in this case 20
months), the total number of deaths in this group was 370. These 370 areR. KORTEWEG
distributed over non-smokers and smokers in the ratio 1 to 4. Per 100,000
non-smokers and smokers combined Hammond and Horn (1954) found 837 deaths; the figure for total deaths in Group II is therefore 837 370 = 467. According to our assumption that smoking is not related to death rates, these 467 deaths are distributed over non-smokers and smokers proportionately to the number of persons of both categories (Column 3, Table IV). An addition gives the figures for total deaths among non-smokers and smokers
separately.
In Column 8 the rates for deaths from all causes are to be found. Using the death rate for non-smokers as the base, an increase of 19 per cent in the death
rate for smokers is found. As we started from the assumption that smoking and death rates are not related, this 19 per cent increase, the consequence of the
second kind of selection, is a pure artefact. For the computation of the death rates for each particular cause of death* the left part ofour Table IV can be used; for the computation of the eliminated
persons, see Appendix.
In Column 3 of Table V the percentages of the spurious excess of the death
rates for death from different causes in smokers aged 50-54 are given. If we consider what lies behind this spurious association between smoking and death rates, the following becomes evident. Suppose that, at the start of the investigation, no persons would have been so ill as to be classified in Group I. In that case, the non-cooperation of a certain percentage of smokers would result
in the number of deaths occurring among them decreasing by the same percentage. and the death rates would remain unaltered. The same would apply to the non- smokers. Therefore. no spurious increase of death rates for smokers would be found. It is mainly the size of the figure for deaths in Group I, as compared with the figure for deaths in Groups I and II combined, which determines the size of
this spurious increase.
In Table V the causes of death are arranged in order of decreasing size of the figures for primarily eliminated deaths (i.e. eliminated by the first selection), expressed as percentage of the number of deaths found by Hammond and Horn
(i.e. all deaths of Groups I and II combined).
As the deaths of Group I occurred among the seriously ill persons who at the moment of the interview were willing to co-operate, and the eliminated deaths among those who were not, there must exist a close parallelism between the size of theirfigures for each cause of death. Therefore. the order of the numbers of deaths in Group I and ofthe numbers of the eliminated deaths, both expressed as percen-
tage of the number of deaths found by Hammond and Horn, must be the same.
From Columns 2 and 3 of Table V it appears that the order of the percentages fortheeliminated deaths-and therefore also for the deaths in Group I-and the order of the percentages for the spurious excess of the death rate for smokers is also the same. This seems to support the view expressed above as to the signi- ficance of the relative sizes of the figures for deaths in Groups I and II. for the
size of the spurious excess in death rates for smokers.
* "All cancers "means: numbers 140-205, and "coronary disease": number
420 of the detailed international classification of deaths, revision of 1948. "Other cancers" means: all cancers exclu- sive oflung cancer; "other diseases": all diseases exclusive of all cancers and of coronary disease. The figures for "lung cancer "are borrowed from Table 4 of Berkson, who obtained the figures from
Mr. I. M. Moriyama.
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TABLE V.-Comparison of Percentages for Eliminated Deaths with Percentages for
Spurious Excess of Death Rates in Smokers, Age 50-54.
Percentage of spurious
excess of death rates
Eliminated in smokers.
deaths, expressed
Cause as percentage of 65% 35%
of deaths found by of smokers of smokers
death. Hammond and Horn. co-operating. co-operating.
1. 2. 3. 4.
"Other diseases" 43 . 34 102
Lung cancer . . 36 . 24 69
All cancers . 34 . 22 59
"Other cancers" . 33 . 22 58
All causes . 31 . 19 50
Coronary disease . 13 . 6 14
In coronary disease the excessively low percentage of the spurious increase of
deathratesforsmokerscorrespondswithanexcessivelylowpercentageofeliminated
persons. Unless coronary disease was associated with particularly little resistance
to co-operation, this low percentage of eliminated persons would point to the fact
that anunusually high percentage ofvictims to this diseasefalls amongthe persons
belongingto GroupII, thatmeansamongthosewho atthemoment ofthe interview
imagined themselves to be of good health. The result of Hammond and Horn's
investigation therefore corroborates a fact, well known by clinical experience,
that in general the duration of illness is much shorter in coronary disease than in
most forms of cancer. On the other hand, duration ofillness in "other diseases"
-an exceptionally heterogenous group comprising chronic tuberculosis as well
as accidents-appears to be much longer than in coronary disease.
As the spurious increase of death rates for smokers grows in proportion to the
number of deaths in Group I compared with this number in Groups I and II
combined, it follows that this increase would reach its maximum if all deaths
occurred in Group I. In that case a spurious increase of the death rates for
smokers of 52 per cent would be found for each separate cause of death. If not
65 per cent but only 35 per cent ofthe smokers were prepared to enter the investi-
gation, percentages of spurious increases as mentioned in Column 4 of Table V
would be found. These data are given to obtain a better insight into the real
significance of our assumptions.
Table VI gives the following data for the different causes of death and for age
groups: (1) (bold type) the percentages of excess of death rates for smokers,
found by Hammond and Horn; (2) (in italics) the percentages of the spurious
excess of death rates for smokers, computed in the present paper on the assump-
tions that smoking is not causally related to death rates, and that 65 per cent of
the smokers who were ingoodhealth at the moment ofthe interview wereprepared
to answer the questionnaire.
In the different age groups great differences for the same cause of death exist.
This will be shown to be partly due to the relatively small figures, partly to the
fact that the meaning ofa cause ofdeath may differfrom one age group to another.
In the three lowest age groups the figures for deaths from lung cancer are so small
that little significance should be attributed to the percentages of increase; the
general trend of these percentages is clear, however.
20
287R. KORTEWEG
TABLE VI.-Percentage Excess of Death Rates for Regular Cigarette Smokers as
Compared with Death Ratesfor Persons who Never Smoked Cigarettes Regularly.
1. 2. 3. 4. 5. 6. 7. 8.
All All Lung "Other Coronary "Other
Age. causes. cancers. cancer. cancers." disease. diseases." % % % % % % rFigures found by Hammond
5054 j and Horn . . 59 . 54. (676). 13 . 92. 33 -54 Figures computed in present
L paper
. . . .19 . 22 24. 22 6. 34
Figures found by Hammond
5559 J and Horn
. . . 41 . 59 . (367) . 21 . 65 . 14
Figures computed in present
paper . . . . 17 . 19 . 17 . 20 . 6 . 34
Figures found by Hammond
60-64 andHorn . . 64 . 103 .(1647) . 63 . 85 . 31 60-64 Figures computed in present
L paper
. . . 20. 21 . 52 15 8 . 36
(Figures found by Hammond
65-69 andHorn . . . 22 . 56 . 180 . 40 . 29. 4
Figures computed in present
paper . . . .18 . 22 . 28. 20. 6. 30
In lung cancer and coronary disease Hammond and Horn's increases of death
rates for smokers far exceed the spurious increases computed by us. Inasmuch as,
at the start of the investigation, most non-co-operating smokers were in good
health or at least not seriously ill, and most of them could have had no idea of
what disease they would fall victim to later, there is no reason why the future
lung-cancer patients would have felt less inclined to co-operate than those who
were to die from other diseases. Therefore, a" strengthening " of our assumptions
with the object oflifting our percentages for lung cancer to the level ofthose found
by Hammond and Horn, would also cause proportional increases in the percentages
for all other causes of death (Table V). In the group of "other cancers" our
own percentages for the spurious increase would then exceed Hammond and Horn's
percentages so phenomenally that we should wonder why smoking should give
such good protection from all cancers with the exception of lung cancer.
Our conclusion therefore must be that the explanation for the excess of death
rates for smokers in lung cancer and in coronary disease as found by Hammond
and Horn, may only for a small part lie in the reluctance of smokers to co-operate
whereas the greater part ofthis increase must be due to one or more other factors.
A closer examination of Table VI reveals the following: With lung cancer
a greatly increased death rate for smokers exists, which cannot be explained by
the above-mentioned way of selection. This increased death rate from lung
cancer-which disease accounts for 20 per cent of all deaths from all forms of
cancer in persons aged 50-69-pushes up the death rate for "all cancers ", and
Hammond and Horn's percentage of increase therefore considerably exceeds the
percentage for the spurious increase as computed in the present paper. With
"other cancers" this is not so, or only to a much smaller degree. But, whereas
the importance of lung cancer compared with other forms of cancer greatly
diminishes with advancing age, the importance of other forms of cancer, such as
cancer of the larynx and the mouth, with which some kind of association with
smoking may be suspected, greatly increases. This might explain part of the
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reversal in the percentages ofincrease in Column 6 ofTable VI. Besides, we should
not forget that in our highest age groups smoking habits differ a great deal from
those of younger people.
Also with coronary disease Hammond and Horn found a considerable excess
of the death rate for smokers. It should be stressed here that to conclude that
there is a causal relationship between smoking and coronary disease, merely on
the ground ofthis association, would be unwise. The same thing certainly applies
to lung cancer. With lung cancer, however, there are a great number of facts
implying causality; with coronary disease this is not so or is so to a much smaller
degree.
In "all causes" Hammond and Horn found a moderate increase. This is
partly caused by two of the diseases included therein: lung cancer which shows
a considerable excess but which amounts to only 3- per cent of all deaths, and
coronary disease which shows a smaller excess but amounts to no less than 36
per cent of all deaths.
There remains, still, "other diseases" in which, without exception, our
figures exceed those found by Hammond and Horn. This may indicate that our
assumptions are a bit "overweighted ": that the percentage of co-operating
smokers was higher than 65 per cent.
Berkson's and our assumption that the psychological reluctance of smokers to
co-operate in this kind of investigation may cause a spurious increase in death
rate for each separate cause of death, seems well founded. It is clear that the
more heavily a person smokes, the greater will be this psychological reluctance as
well as the spurious increase in the death rate caused by it. Therefore. that the
association of deaths, from diseases otherthanlung cancer, with cigarette smoking
is also shown in Hammond and Horn's study in a positive correlation between
the death rate and the amount of smoking, does not astonish us at all. On the
contrary, it is just what we expected. It confirms our opinion that this material
does indeed bear the sign of selection by the elimination of many smokers, and it
does not evidence in any way against the great probability of the importance of
smoking as a causal factor in lung cancer-and perhaps in coronary disease.
Just as in this investigation, the death rates in Doll and Hill's prospective
investigation are lower than the rates given by the official mortality statistics. The
reason for this was believed to be the same as is discussed in our Section I.
In contrast with the findings of Hammond and Horn (1954), Doll and Hill
(1954) found no excess of death rates for death from "other diseases" and from
"cancerotherthanlung cancer ", andonly asmall excessfordeathfrom" coronary
disease ". This seems to indicate that among their smokers only little reluctance
to co-operate existed, which would be in keeping with the fact that the percentage
of smokers in their study, and the percentage of smokers found in a so,ial survey
of Greater London, are almost the same.
The findings in Doll and Hill's investigation, therefore, seem to support the
view on the significance of this selection in prospective studies on smoking and
lung cancer, as expressed in this paper.
SUMMARY AND CONCLUSIONS
Berkson (1955) points out, quite rightly, that, inasmuch as the death rates
found by Hammond and Horn (1954) are lower than the death rates ofthe official
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mortality statistics, their material should be considered as "selected" with
respect to the entire American population.
Berkson also points out, quite rightly, that, in research into an association
between smoking and lung cancer, due attention should be given to the psycholo-
gical reluctance of smokers to co-operate. By means of a "model ", based on a
number of assumptions. he proves that this reluctance may lead to distortion
of the result of investigations like Hammond and Horn's.
Starting from similar assumptions and using a similar model, it appeared
possible to us. to fix, approximately, the size ofthis distortion. As a result ofthis
investigation we found:
(1) that because of the action of this selection, as caused by the tendency for
many smokers to eliminate themselves, only a small part of the excess in death
rates for lung cancer and for coronary disease with smokers can be explained as
being spurious; therefore, the major part ofthis excess is not due to this selection
but to one or more other fractors;
(2) that this selection gives aplausible explanation for the excess in death rates
for smokers for "other diseases" and "other cancers ", so that the excess in
death rates in these diseases should be considered as being wholly artificial;
(3) that the spurious excess in death rates for smokers, as caused by this
selection, is proportional to the quantity of cigarettes smoked;
(4) that, when inthe reference population the percentage ofsmokers is assumed
as being 80, this selection causes a decrease of this percentage to 72.5, so that
part of the "shortage" of smokers, found in Hammond and Horn's investi-
gation, can be explained by the action of this selection.
If our opinion is correct, it follows that Hammond and Horn's death rates
entitle us to believe in a large and true excess of death rates with smoking in lung
cancer and in coronary disease, whereas the excess they recorded in "other
cancers" and in " other diseases" should be regarded as spurious.
To conclude:
Two objections which are often raised against Hammond and Horn's results:
(1) the excess in death rates among smokers from causes of death with which an
association with smokingwould seem veryimprobable, and (2) thesmallpercentage
of cigarette smokers, may quite plausibly be explained by the psychological
reluctance of smokers to enter this kind of investigation.
If we accept this psychological reluctance as a fact, Berkson's suggestion does
not undermine-on the contrary it supports-our belief that cigarette smoking is
causally related to lung cancer, and perhaps to coronary disease.
APPENDIX
If we assume that, as regards death rates, Hammond and Horn's (1954)
reference population is representative of the entire population of the U.S.A.
their deficit of deaths from all causes in those aged 50-54 does not equal the
difference between 1206 and 837, i.e. 369 (Table I). The reason is that Hammond
and Horn's 100,000 persons were a selected group, owing to the elimination from
the reference group of an unknown number of seriously ill persons-which elimi-
nation was responsible for the deficit of deaths.
We can make the following assumptions: (1) all ofthose who were eliminated
died in the period under review-in this case during the next 20 months; (2)
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only half of these persons died during this period. The number of these persons
will actually lie somewhere between both possibilities; probably nearer to the
former than to the latter.
Let us first base our calculations on the former assumption. Suppose that, in
order to reach their 837 deaths per 100,000 (Table I), Hammond and Horn had
unknowingly eliminated X deaths. This being so, their reference population
would have numbered 100,000 + X. The number of deaths they should have
found in these 100,000 + X persons would be:
100,000 x0-800!+ x (ioo~ooo x 100,000)
According to the official statistics the number of deaths in these 100,000 + X
were:
(100,000 + X) X 1206
100,000
As in both cases the number of deaths is the same, we find: X = 374.
If we base our calculations on the second assumption, we find: X = 378.
The difference betweenthesetwofiguresisminimal. Wehavebasedourcalculations
on the first assumption, from which it follows that, as regards death rates, the
reference population from which each 100,000 of Hammond and Horn's age group
50-54 were selected, consisted of 100,374 persons.
Forthe separate causes ofdeaththe deficit inthose aged 50-54 can be computed
with the help of the following formula:
deficit = 100,374_ Q 100,000 -
in which P means the official death rate per 100,000, and Q the death rate per
100,000 as found by Hammond and Horn.
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